Abstract. Despite the likely importance of inter-year dynamics of plant production and 1 consumer biota for driving community-and ecosystem-level processes, very few studies have 2 explored how and why these dynamics vary across contrasting ecosystems. We utilized a well 3 characterized system of 30 lake islands in the boreal forest zone of northern Sweden across which 4 soil fertility and productivity vary considerably, with larger islands being more fertile and 5 productive than smaller ones. In this system we assessed the inter-year dynamics of several 6 measures of plant production and the soil microbial community (primary consumers in the 7 decomposer food web) for each of 9 years, and soil microfaunal groups (secondary and tertiary 8 consumers) for each of 6 of those years. We found that for measures of plant production and each of 9 the three consumer trophic levels, inter-year dynamics were strongly affected by island size. Further, 10 many variables were strongly affected by island size (and thus bottom-up regulation by soil fertility 11 and resources) for some years but none in others, most likely due to inter-year variation in climatic 12 conditions. For each of the plant and microbial variables for which we had 9 years of data, we also 13 determined the inter-year coefficient of variation (CV), an inverse measure of stability. We found 14 that CVs of some measures of plant productivity were greater on large islands while those of other 15 measures were greater on smaller islands; CVs of microbial variables were unresponsive to island 16 size. We also found that the effects of island size on the temporal dynamics of some variables were 17 related to inter-year variability of macroclimatic variables. As such, our results show that the inter-18 year dynamics of both plant productivity and decomposer biota across each of three trophic levels, 19 as well as the inter-year stability of plant productivity, differs greatly across contrasting ecosystems, 20 with potentially important but largely overlooked implications for community and ecosystem 21 processes. 22 23 3
height. For each tree, one core of wood was sampled at breast height, and its radial growth for each 10 year from 2000 to 2008 inclusive was measured to the nearest 10 microns. Further, for each year a 11 weighted measure of radial growth of all species at the whole plot level was calculated by 12 weighting the mean radial growth of each species in that year by the proportion of the total tree 13 basal area that it constituted, using tree basal area data provided by Wardle et al. (2008) . 14 We measured biomass and production of each of the three dominant shrub species (E. 15 hermaphroditum, V. myrtillus and V. vitis-idaea) in each plot as described by Wardle et al. (2003) ; 16 these three shrubs collectively account for over 98% of vascular plant biomass in the understory. Concomitantly, twenty stems of each of the three shrub species were collected throughout the plot; 22 these were cut at ground level and the portion of the stem produced in that growing season (i.e., 23 when shoot growth is actively taking place in May-July) was separated from the stem material8 produced in all preceding growing seasons. This was used to determine the proportion of biomass 1 present in each growing season (determined by point interception) that had been produced in that 2 year for each species, and when multiplied by biomass per unit area provides a measure of 3 productivity per unit area (Wardle et al. 2003) . Shrub biomass and production data until 2002 is 4 presented by Wardle et al. (2003) . Production of berries by two shrub species (E. hermaphroditum 5 and V. myrtillus) was also quantified by randomly placing a 0.5 m x 0.5 m quadrat in four positions 6 throughout the plot, counting all the berries within the quadrat and determining their oven-dry 7 weight. 8 9
Belowground measurements 10 11
To quantify belowground biota, approximately 50 soil cores of humus (each 25 mm diameter, 10 12 cm deep) were collected from each plot every August from 2000 to 2008 inclusive and bulked 13 within the plot as described by Jonsson et al. (2009) . For each sample, measurements were made of 14 microbial basal respiration (BR) and substrate-induced respiration (SIR; a relative measure of active 15 microbial biomass) as described by Wardle (1993) . Briefly, a 10 g (dry weight) subsample of soil 16 was amended to 150% moisture content (dry weight basis), placed it in a 130 ml airtight vessel, and 17 incubated at 22 o C. Evolution of CO 2 between 1 h and 4 h was then determined, by injecting 1 ml 18 subsamples of headspace gas into an infrared gas analyser and used as a measure of BR. 19
Measurement of SIR (Anderson and Domsch 1978) was performed in the same way, but with 20 sample amendment of 100 mg glucose when the incubation started (Wardle 1993) . 21
Community data of soil microbes (i.e., primary consumers) was obtained for each sample by 22 measuring the composition of microbial phospholipid fatty acids (PLFAs) using the method of 23 9 PLFAs represent different subsets of the soil microflora. For each soil, the abundance of each fatty 1 acid extracted was expressed as relative nmoles per g of dry soil using standard nomenclature 2 transformed as needed to satisfy assumptions of parametric analyses, and in the case of CVs, after 11 rather than before CVs were calculated. 12
To gain insights into how macroclimate variation among years influences inter-year 13 variation in our response variables, we also performed analyses for which each of the 9 years was 14 represented as a separate data point, and did not consider microfauna for which we had data for too 15 few years. For each plant and microbial response variable, this involved determining Coefficients of 16 Determination (R 2 ) values across the 9 years between the within-year strength of its relationship 17 with island size (quantified as Pearson's correlation coefficient r; n = 30; island size log-18 transformed) and macroclimatic variables. The macroclimatic variables used were mean 19 temperature and total precipitation for each of five three-month periods preceding measurement of 20 the response variable (i.e., the previous 3 months, 4-6 months, 7-9 months, 10-12 months, and 13-21 11 separate R 2 values, we used a Bonferroni correction and thus set α at 0.005 (i.e., R 2 = 0.699) as our 1 criterion for identifying statistical significance at P = 0.05. For the litter tray data over the entire 9 year period, most variables representing quantity of litter fall 6 were affected by island size and least on the small islands; the only exceptions were leaf litter 7 production of B. pubescens and P. abies (Appendix A). The ratio of twig to total litter fall was 8 significantly affected by island size (through being greatest on small islands), while the ratio of 9 deciduous to total leaf litter fall was unaffected ( Fig. 1 ; Appendix A). There were significant 10 interactive effects of island size with time for total and leaf litter fall (Fig. 1 , Appendix A), and for 11 litter fall for conifers and P. abies (Appendix A), with highly significant effects of island size 12 during some years but not others. No significant interactive effects occurred for litter fall of P. 13 sylvestris or B. pubescens leaves, or for twigs (P always > 0.05; Appendix A). Significant 14 interactive effects occurred for ratios of deciduous to total leaf litter, and twig to total litter ( Fig. 1;  15 Appendix A), with island size effects being significant for 3 out of 9 years in both cases. Further, 16 for most litter fall variables, temporal variability (i.e., CV) across years was significantly affected 17 by island size through being greatest on small islands, the only exceptions being leaf litter fall for P. 18 abies and B. pubescens (Table 1) . 19
For the tree core data, P. sylvestris radial growth was affected by island size over the 9 year 20 period, and was greatest on the small islands (Appendix A). Island size had no effect on radial 21 growth on the other two species, or for the weighted average measure of radial growth at the whole 22 plot level (Appendix A). Further, there were no significant interactions between island size and time,12 or island size effects on temporal variability (i.e., CV), for any variable derived from the tree core 1 data (Table 1) . 2
Total dwarf shrub shoot production and biomass over the 9 years were significantly affected 3 by island size and were least on small islands ( Fig. 2 ; Appendix B). Shoot production of each 4 species was also responsive to island size, with V. myrtillus, V. vitis-idaea and E. hermaphroditum 5 being most productive on large, medium and small islands respectively ( Fig. 2 ; Appendix B). For 6 each species, total shoot biomass showed the same response to island size as did production 7 (Appendix B). The ratio of deciduous to total shoot production was significantly greater on large 8 than on small or medium islands (Appendix B). Berry production by number was significantly 9 affected by island size for E. hermaphroditum (and was greatest on small islands) but not for V. 10 myrtillus ( Fig. 2 ; Appendix B); for both species berry biomass production showed the same trend as 11 for number (data not presented). There were significant interactive effects between island size and 12 time for total shoot production and biomass, and for E. hermaphroditum shoot production and berry 13 number (Fig. 2) . Interactive effects also occurred for mass of E. hermaphroditum shoots (F 16,216 = 14 1.78, P = 0.035) and berries (F 16,216 = 3.17, P < 0.001) and V. vitis-idaea shoots (F 16,216 = 1.98, P = 15 0.016) (data not presented). No other interaction terms were significant at P = 0.05. Across the 9 16 years, temporal variability was significantly affected by island size for total shoot biomass, and E. 17 hermaphroditum shoot and berry production, but not for the other variables (Table 2) , through 18 being least on small islands in each case. 19
Over the 9 years, all microbial activity and biomass variables except fungal PLFA were 20 significantly affected by island size and lowest on small islands (Appendix C). The ratio of fungal 21 to total microbial (bacterial + fungal) PLFAs was also significantly affected by island size through 22 being greater on smaller islands ( Fig. 3 ; Appendix C). There were significant interactive effects 23 between island size and time for microbial BR, SIR and the ratio of fungal to total microbial PLFAs13 (but not for the other microbial variables), through effects of island size being highly significant for 1 some years but not for others (Fig. 3 , Appendix C). There were no microbial variables for which 2 temporal variability was influenced by island size (Appendix D). 3
Over the 6 years for which microfauna were measured, all microbe-feeding faunal groups 4 (i.e., secondary consumers) were significantly affected by island size, while the top predatory 5 nematodes (i.e., tertiary consumers) were not ( Fig. 4 ; Appendix E). For all microbe-feeding groups, 6 abundances were greatest for medium-sized islands. Further, for microbe-feeding and bacterial-7 feeding nematodes numbers were significantly smaller for small than for medium or large islands, 8 and the ratio of fungal feeding to total microbial-feeding nematodes was greatest on the small 9 islands (Appendix E). There were significant interactive effects of island size and time on microbe-10 feeding nematodes, tardigrades and top predatory nematodes (Fig. 4) , and on bacterial-feeding 11 nematodes (which showed the same responses as microbe feeding nematodes for which they 12 constituted most of the individuals; data not presented). There were no interactive effects on any 13 other microfaunal variables (Appendix E). 14 The Coefficient of Determination (R 2 ) measures across years revealed that for plant 15 production variables, the strength of island size effect was most closely related to the temperature of 16 the previous summer (June to August of the previous year, or 13-15 months prior to the time of 17 production measurement). There were two variables for which these relationships were highly 18 significant even when Bonferroni corrections were applied, i.e, total shrub biomass and radial 19 growth of P. abies (Appendix F). In both cases effects of island size on production showed strong 20 linear declines with increasing temperature. In this study, we clearly show that declining soil fertility with island size, and therefore reduced 1 quantity and quality of plant-derived resource inputs (Wardle et al. 1997 (Wardle et al. , 2003 , influenced several 2 measures for both primary and secondary (but not tertiary) consumers in the soil food web which 3 were lowest on the small islands. We also showed that as island size declined, tree litter fall 4 contained a higher proportion of twigs, and the understory contained a lower proportion of 5 deciduous species and a greater proportion of E. hermaphroditum; these changes have all previously 6 been shown to cause impairment of microbial decomposer activity on small islands 7 ). However, in our study, the primary and secondary consumer trophic levels across all years 15
were strongly responsive to variation in plant-derived resources across island size classes, and 16 therefore bottom-up regulation. 17
Because we made measurements for all response variables annually for 6 or 9 years, our 18 study enables examination of inter-year variation of their relationships with island size. There were 19 interactive effects between island size and year on several variables that describe the quality and 20 quantity of plant derived resource inputs, and on organisms in each of three consumer trophic levels. 21
This means that island size effects on these variables differed among years, and indeed several 22 response variables within each trophic level showed strong responses to island size in some years 23 but not others, supporting our first hypothesis (Figs. 1-4) . This means that islands differing in soil15 fertility and productivity show inherently different temporal dynamics across years. A likely 1 explanation is that some climatic factors which differ among years dictate whether variation in 2 resources among islands actually influences plant production and belowground consumer organisms. 3
This finding highlights that full assessment of how plant production or consumer groups respond to 4 underlying environmental gradients requires measurements for multiple years to capture the inter-5 year variation of this response. It also helps explain why strong bottom-up effects of resources on 6 key decomposer groups have been shown in some studies but not others (Mikola and Setälä 1998, 7
Wardle 2002). Further, it is apparent from Figs 1-4 that island size does not necessarily have its 8 strongest effects on consumer trophic levels during the same years that it has its strongest effect on 9 plant variables. As an example, microbe feeding nematodes had much greater abundance in 2004 10 and 2007 than in the other years (Fig. 4) , even though those years were not characterized by 11 correspondingly greater tree litter and shrub production (Figs. 1, 2) . It is also apparent for the 12 microfaunal data that island size effects are often strongest for those years in which abundance is 13 greatest. These data are consistent with previous studies showing that microfaunal abundances vary 14 Whenever a given response variable is influenced by the interactive effects of island size 19 and year, it is also possible for its inter-year variability to be affected by island size. Tree and leaf 20 litter fall had higher CVs on small than large islands, reflecting litter production data for a dominant 21 tree species (P. sylvestris). In contrast, CVs for tree radial growth and total dwarf shrub production 22 were unresponsive to island size, while CVs of total shoot mass, and of E. hermaphroditum shoot 23 and berry production, were larger on large islands. These results highlight that CVs of different16 measures of plant productivity respond to island size in different ways that are not always consistent 1 with theories predicting greater temporal stability in more productive ecosystems (Hooper et al. For each of our response variables, we also explored underlying climatic factors that could 14 explain inter-year variation in the effect of island size on plant and microbial variables, using each 15 of the 9 years as separate data points. For some variables (notably shrub biomass; radial growth ofyears when the previous summer was cool, and that increasing summer temperatures eliminates 18 their responsiveness to inter-island variation in soil fertility. We recognize that testing relationships 19 across years has limitations because of the number of independent data points available (using 9 20 years as separate data points requires R In sum, our results provide evidence of large differences in inter-year dynamics among 4 contrasting island ecosystems for measures of ecosystem productivity, and each of three 5 belowground trophic levels. Further, for measures of ecosystem production, this translates into 6 some differences among island size classes in temporal variability and therefore stability. Second, they show that relationships of both NPP and consumer trophic levels with basal resource 13 availability (notably soil fertility) are not constant, and that the extent of bottom-up control differs 14 greatly between years, through being detectable in some years but not others. They also highlight 15 that inter-year variation in effects of soil fertility may be driven by climate; for two plant variables 16 we found that strong effects of island size disappeared in years following warmer summers. Third, 17 they show that temporal dynamics of different trophic levels may be driven by different factors. The 18 inter-year dynamics across island size classes for secondary and tertiary consumers did not match 19 those of NPP, indicating some decoupling between the aboveground and belowground subsystems 20 (Wardle 2002) . Finally, they contribute to our understanding of the temporal dynamics of 21 ecosystem processes. Earlier work in this system has shown island size to affect both ecosystem 22 inputs of plant derived C and losses of C through decomposition (Wardle et al. 2003 ). The present 23 study extends these findings by revealing that inter-year dynamics of plant derived C input and loss18 of CO 2 -C through soil respiration are also highly responsive to island size. Further knowledge of 1 the drivers of inter-year dynamics of these C fluxes and the biotic interactions that underpin them 2 across contrasting ecosystems therefore has the potential to contribute to our understanding of the 3 dynamics of C exchange between terrestrial ecosystems and the atmosphere (Polley et al. 2008) . 
